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240a Monday, February 4, 2013at concentrations below the aggregation threshold (similar to critical micelle
concentration) it forms membrane pores, and at higher concentration it acts
like a detergent and solubilizes the membranes of surrounding cells.
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The T-domain of diphtheria toxin senses a low pH to insert into a lipid mem-
brane, form a transmembrane channel, and translocate the attached catalytic do-
main across the membrane. Previous work has identified three transmembrane
segments of T-domain in the open channel state, corresponding to TH5, TH8
and TH9 in the aqueous crystal structure; the amino-terminal region, TH1-
TH4, was shown to be translocated across the membrane to the trans side. It
was also shown that residues near either end of the TH6-TH7 segment are
not translocated, remaining on the cis side of the membrane; the intervening
25-residue sequence is too short to form a transmembrane a-helical hairpin,
so it was concluded that the TH6-TH7 segment resides at the cis interface.
Now we have examined this segment further, using the substituted-cysteine ac-
cessibility method. We constructed a series of mutant T-domains with a single
cysteine residue at positions in TH6-TH7, monitored their channel formation in
planar lipid bilayers, and probed for an effect of thiol-specific methanethiosul-
fonate reagents on the channel conductance. For at least 12 of the mutants, the
reagent caused a change in the single-channel conductance, indicating that the
introduced cysteine residue was exposed within the channel lumen. We also
compared the reaction rate of reagent added to the cis side vs. that to the trans
side in order to estimate the residue’s position along the channel axis. This anal-
ysis revealed abrupt changes in cis- vs. trans-side accessibility, suggesting that
the TH6-TH7 segment forms a constriction that occupies a small portion of the
total channel length. The location of this constriction relative to the TH8-TH9
segment was also determined.
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Cationic b-cyclodextrin derivatives were recently introduced as highly effec-
tive, potentially universal blockers of binary bacterial toxins: anthrax toxin
of Bacillus anthracis, C2 toxin of Clostridium botulinum, and iota toxin of
Clostridium perfringens. The binary toxins are made of two separate compo-
nents: the enzymatic A component and the binding/translocation B component,
which forms oligomeric channels in the target cell membrane. Here we studied
the voltage and salt dependence of the rate constants of binding and dissocia-
tion reactions of two structurally different b-cyclodextrins (AmPrbCD and
AMBnTbCD) in the PA63, C2IIa, and Ib channels. With all three channels,
the blocker carrying extra hydrophobic aromatic groups, AMBnTbCD, demon-
strated stronger binding compared with AmPrbCD. This effect is seen as an in-
creased residence time of the blocker in the channels, whereas the time between
blockages stays practically unchanged. Surprisingly, the voltage sensitivity, ex-
pressed as a slope of the logarithm of the blocker residence time as a function of
voltage, was practically the same for all six cases studied, suggesting structural
similarities among the three channels. Also, the more-effective AMBnTbCD
blocker shows weaker salt dependence of the binding and dissociation rate con-
stants compared with AmPrbCD. By estimating the relative contributions of the
applied transmembrane field, long-range Coulomb, and salt-concentration-
independent, short-range forces, we found that the latter represent the leading
interaction, which accounts for the high efficiency of blockage. In a search for
the putative groups in the channel lumen that are responsible for the short-range
forces, we performed measurements with the F427A mutant of PA63. We found
that the on-rates of the blockage were virtually conserved, but the residence
times dropped by more than an order of magnitude, reducing the difference be-
tween the efficiencies of the two blockers.1233-Pos Board B125
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Bacterial pathogens secrete a variety of effector molecules to support coloniza-
tion of the human host. Included in this list are pore-forming toxins (PFTs),
which kill host cells by selectively targeting and disrupting the plasma mem-
brane. To improve the efficiency of cell lysis, many PFTs contain recognition
motifs that bind protein, lipid, and carbohydrate molecules on the cell surface.
The human pathogen Vibrio cholerae secretes a PFT (VCC) that forms hepta-
meric channels in membranes and lyses cells at picomolar concentrations.
The toxin is thought to serve as a defensive agent against innate immune cells
thus facilitating colonization of the host. To achieve high potency, VCC con-
tains two structural domains with lectin-like folds that target carbohydrate
molecules found on mammalian cell surfaces. Disruptive mutations within
one of these domains significantly reduces the activity of the toxin against
model cell membranes suggesting that carbohydrate-binding is important
for targeting membranes at low concentrations. To better understand this
process, we conducted screens against a variety of simple and complex carbo-
hydrate ligands and identified glycans recognized by VCC lectin-like domains.
Several of these ligands are potential physiological targets of the toxin and we
show that they bind VCC with low nanomolar affinity. These glycans decrease
toxin activity when added in trans and may serve as a starting point for thera-
peutic intervention. To aid in this goal, we are pursuing structural characteriza-
tion of toxin-glycan complexes to better understand the nature of these
interactions.
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The leukotoxin (LtxA) secreted by Aggregatibacter actinomycetemcomitans is
a member of the repeats-in-toxin (RTX) family, and like the other members of
the family, is a virulence protein that destroys host cells. LtxA specifically kills
human white blood cells, allowing A. actinomycetemcomitans to survive within
the host. LtxA has been shown to bind to an alpha-L/beta-2 integrin, lympho-
cyte function-associated antigen-1 (LFA-1), and upon binding, to form large
LtxA/LFA-1 clusters in cholesterol-rich lipid rafts. Here, we have investigated
this interaction by studying the binding of LtxA directly to cholesterol. Using
surface plasmon resonance (SPR), we showed that the affinity of LtxA for
membranes containing 40% cholesterol was four orders of magnitude greater
than its affinity for membranes lacking cholesterol (4.6x1012M vs.
1.9x108M). Surprisingly, the affinity was regulated not by an increase in
the association rate in the presence of cholesterol but by a decrease in the dis-
sociation rate. We identified two cholesterol recognition/amino acid consensus
(CRAC) motifs in the amino acid sequence of LtxA and investigated the role of
these cholesterol-binding motifs in the affinity of LtxA for cholesterol. Syn-
thetic peptides corresponding to both CRAC sites interacted strongly with cho-
lesterol, while control peptides did not. However, only the peptide
corresponding to the first CRAC site inhibited binding of LtxA to membranes
containing 40% cholesterol, and only this peptide inhibited the cytotoxicity of
LtxA, demonstrating the requirement for cholesterol binding in the toxic mech-
anism of LtxA. This represents a unique mechanism of toxin binding to choles-
terol in which the toxin’s affinity to cholesterol is regulated by the dissociation
rate rather than the association rate. The conservation of the first CRAC site
among RTX toxins suggests that this is a mechanism shared by this toxin
family.
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Antimicrobial peptides (AMPs) are a class of amphiphilic, often cationic pep-
tides, which are able to target and permeabilize the lipid membranes of patho-
genic microbes. AMPs are often studied for their potential as novel
pharmaceuticals against bacteria, viruses, and even some cancers. Many possi-
ble mechanisms for their action have been proposed, but it is believed that at
low peptide:lipid ratios (P/L), peptides bind parallel to the membrane surface,
known as the ‘‘S-state,’’ while at high P/L, peptides insert into the membrane
and bind in the ‘‘I-state’’ perpendicular to the membrane surface. It is proposed
